Introduction E pidemiologic studies of detained and incarcerated youth have commonly found offenders die at much higher rates than community youth. [1] [2] [3] [4] [5] In a longitudinal study of detained youth in Cook County, Illinois, the mortality rate of detained youth was four times that of the general adolescent population, 5 and the increased risk of early mortality persisted into young adulthood. 6 Deaths of both youth offenders and community youth are likely to be violent. Homicide, which is most often firearm-related, is the second-leading cause of death for all youth ages 15-24 years. 7 The majority of deaths (68%) among Cook County's detained youth were the result of homicide. 6 The troubling nature of these findings is compounded by the wealth of evidence that both exposure to the justice system [8] [9] [10] and risk of violent death are disproportionately experienced by black youth. 7, 11 When compared with individuals of other races/ethnicities, black male youth suffer the highest rate of homicide-related deaths. 7, 11 Previous studies of early mortality have focused on detained and incarcerated populations, rarely exploring the associations between less serious involvement in the system (i.e., arrest) and risk of death. 3 In reality, the extent of youth exposure to the system varies along a continuum of severity (i.e., arrest, detention, incarceration, and transfer to adult court). For example, the chances of youth being arrested in the U.S. are one in three by age 23 years, 12 making arrest a relatively common experience. Youth arrested for more-serious or repeated charges may warrant short-term placement (days or weeks) in local detention facilities before legal processing; long-term (months or years) incarceration in state-run facilities; or transfer to the adult criminal justice system. Each offender status along the continuum of justice system involvement (i.e., arrested, detained, incarcerated, transferred) is more severe than the last; increased system exposure is characterized by harsher sanctions, more restrictive placement, and less access to behavioral health services or other rehabilitative efforts common in the juvenile justice system. [13] [14] [15] [16] [17] The objective of this study was to test the associations between the level of involvement in the justice system and youth mortality. The authors hypothesized that the annual mortality rate would increase incrementally by the severity of youth involvement in the system. They also hypothesized that owing to their over-representation at each level of justice system involvement, 18 black male youth would be at greater risk for mortality than other youth at comparable levels of system involvement.
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Methods
Data were gathered for a retrospective cohort study of youth who were involved in the juvenile or adult criminal justice systems in Marion County, Indiana, between January 1, 1999, and December 31, 2011. Marion County is primarily urban and includes Indianapolis, the largest city in Indiana. According to 2010 Census data, Marion County residents were 65.2% white, 28.4% black, 9.3% Hispanic, and 5.9% other race/ethnicity. 19 Electronic criminal and death records for each offender were retrieved from the date of the youth's first arrest through December 31, 2011. The Marion County Juvenile Superior Court and the Marion County Sheriff's Office provided all juvenile and adult criminal records, respectively. Electronic death records were extracted from the Regenstrief Medical Record System (RMRS). 20, 21 Youth criminal records were linked to death records using, first, a probabilistic matching algorithm, 22 which paired records based on identifying information: first, middle, and last name; gender; month and year of birth; and Social Security Number. The research team reviewed three sets of such outputs to identify the threshold (in each three blocking schemes) above which it was estimated that a true match occurred. In order to improve this matching, a program developed by a subset of this Indiana University research team (A Burgess, S Hoch, and SE Wiehe) was used to help correctly tie together multiple pairs involving the same youth. Based on the probabilistic matching algorithms alone, 42,148 of the justice involved youth IDs were linked to 74,823 unique ("global") patient IDs stored in the RMRS. By running the additional program, the authors found 11% of the individual justice IDs were linked to two to four separate RMRS global IDs. The pairs associated with that 11% of the justice youth were reviewed intensively by study personnel and collapsed (merging, where necessary, multiple RMRS global IDs) into appropriately defined individuals. The intensive one-by-one review of gray zones and ambiguous situations further minimized false matches. Additional information regarding this approach is available from the study authors. This study was approved by the IRB of Indiana University-Purdue University Indianapolis.
Measures
Youth gender; age at first arrest; and race/ethnicity (white, black, Hispanic, or multiracial) were gathered from electronic criminal records. All sampled youth offenders were assigned to one of four mutually exclusive categories reflecting the continuum of justice system involvement-arrested, detained, incarcerated, or transferred-based on their most serious involvement with the justice system between 1999 and 2011. Specifically, arrested youth were referred to the juvenile court but were not detained, incarcerated, or transferred to adult courts during the study period. Detained youth were held in county-run detention centers for an average of 2 weeks, most often pre-adjudication or pre-disposition. Incarcerated youth were held, usually for months or years, in state-run juvenile prison facilities. Transferred youth were excluded from the juvenile justice system and associated services, and tried in adult court owing to the seriousness of alleged crimes. The death records of all youth offenders were retrieved from the RMRS, which receives mortality data from local hospitals, the Indiana State Department of Health, and the national Social Security Administration. Cause of death was gathered from the Marion County Coroner's Office death certificates for 77.2% of deceased offenders.
In order to compare the mortality rate of youth offenders to that of the general population, the total number of deaths by year, race, gender, and U.S. Census age category (10-14, 15-19, 20-24 , and 25-29 years) were retrieved from Marion County Public Health Department data. As in previous work on mortality, 23 youth offender deaths were subtracted from total community youth deaths. Data describing deaths of youth in the community by year, race, gender, and age category are available upon request.
Statistical Analysis
Statistical analyses were completed in November 2014. Descriptive statistics were calculated at first arrest. Annual mortality rates were calculated, per 100,000 person-years, by demographic characteristics (gender, age category, and race/ethnicity). The Rothman/ Greenland method was used to calculate the 95% CIs for annual mortality rates. 24 Standardized mortality ratios (SMRs) were calculated to adjust for the gender, race/ethnicity, and age distributions of community youth. The number of deaths in several race/ethnicity and age categories was small; hence, indirect standardization was used. The expected number of deaths was calculated by gender, race/ethnicity, and age categories for youth offenders, based on the community mortality rate of the corresponding category. The numbers of expected and observed deaths were aggregated across categories. The SMRs were calculated by dividing observed by expected deaths. Byar approximation was used to calculate 95% CIs for SMRs and p-values testing for possible differences in SMRs across race/gender categories. 25 Adjusted rates, including 95% CIs, are reported. The mortality rates of youth offenders were also calculated by the severity of their involvement in the justice system (i.e., arrested, detained, incarcerated, or transferred). To compare rates across involvement in the justice system, Poisson regression analysis was conducted using death as the outcome and the log (number of years in the system) as an offset variable. The possible differential effects of justice involvement in different races was examined by testing a race by justice involvement interaction. Lastly, a survival analysis was conducted to model time to death from first arrest. Nonevents (i.e., if the youth did not die within the study period) and data beyond December 31, 2011, were censored. Predictors included age at first arrest, race/ethnicity, gender, and the youth's most serious justice system involvement. The proportional hazards assumption was tested using the Kolmogorov-type supremum test on 1,000 simulated samples. A significant p-value indicated that the variable did not meet the proportional hazards assumption. Severity of involvement in the justice system did not meet this assumption. Inspection of the survival curve revealed that the effect of this variable on youth mortality changed at Year 5, a change point confirmed by comparing the model's Akaike's information criterion values under all potential change points. The change point resulted in an alteration of the hazard function before and after the fifth year of observation, violating the proportional hazard assumption of the traditional Cox regression model. To accommodate, time-varying coefficients were introduced to the survival model. The justice system involvement variables had one set of hazard ratios (HRs) prior to Year 5 and then another set of HRs after Year 5. All analyses were performed using SAS, version 9.3.
Results
The sample of youth offenders included 49,479 adolescents and data were collected from 0.1 to 12.9 years after first arrest (mean, 7.3 years; median, 7.7 years; interquartile range, 4.0-10.8 years). Aggregate exposure was 386,709 person-years.
Arrested youth represented the largest number of sampled youth (30,678, 62%), followed by detained (14,699, 29%); incarcerated (2,881, 5%); and transferred youth (1,221, 2%) (Appendix Table 1 , available online). The majority of offenders were male, and the proportion of male offenders increased across the continuum of justice system involvement: 56% of arrested, 71% of detained, 76% of incarcerated, and 90% of youth transferred to adult court. Average youth age at first arrest was similar across the continuum (arrested, 14. During the study period, 518 deaths occurred among youth offenders (Appendix Table 2 , available online). The majority of deceased offenders were black (56.0%) and male (83.8%). The most common age of death was between 19 and 21 years (29.3%; range, 12-30 years). Most deaths were of individuals who were arrested (36.7%) or detained (41.7%) during the study period. Cause of death was found for 400 (77.2%) of the 518 deceased youth offenders. The most common cause of death was homicide (193, 48.2%), followed by overdose (59, 14.7%); other (54, 13.5%; e.g., motor vehicle accidents, drowning, accidental shooting); suicide (47, 11.7%); and natural causes (47, 11.7%).
Mortality rates by youth race and gender are reported in Table 1 . Overall, the mortality rate was nearly 1.5 times higher among youth offenders than among community youth (SMR¼1.48). The adjusted mortality rate for all Mortality rates by the severity of youth involvement in the justice system, gender, and race are presented in Table 2 (per 100,000 person-years). Mortality rates by involvement in the justice system were calculated for white and black youth only because of low numbers of Hispanic offenders in the sample. The annual mortality rates differed significantly by severity of youth involvement in the justice system overall and for all subgroups except for white female offenders (p¼0.54). The risk ratios (RRs) comparing mortality by severity of youth involvement are presented in Appendix Table 3 (available online). Overall, youth transferred to adult court (RR¼3.6, 95% CI¼2.6, 5.1); incarcerated (RR¼2.5, 95% CI¼1.9, 3.3); and detained (RR¼1.9, 95% CI¼1.5, 2.3) had increased risk of death compared with arrested youth. Additionally, youth transferred to adult court (RR¼1.9, 95% CI¼1.5, 2.3) and incarcerated (RR¼1.3, 95% CI¼1.01, 1.8) were more likely to die than detained youth. This trend was similar among black male and female offenders. There were no significant differences in mortality across justice system involvement for white female youth, and the mortality for white male youth transferred to adult court did not differ significantly compared to other levels of youth system involvement. Figure 1 shows Kaplan-Meier survival curves for youth involvement in the justice system. The survival curves diverged at 5 years. Prior to Year 5, there did not appear to be a difference in time to death based on severity of justice system involvement. By contrast, after Year 5, as youth involvement in the justice system increased in severity so did the death rate. Results from the survival analysis are presented in Table 3 . Male offenders were more likely to die than female offenders (HR¼2.7, 95% CI¼2.1, 3.4), and older age was associated with an increased risk of death. For the first 5 years post arrest, only detained youth were at increased of risk of death compared to arrested youth (HR¼1.6, 95% CI¼1.2, 2.1). After Year 5, youth transferred to adult court (HR¼3.3, 95% CI¼2.3, 4.9); incarcerated (HR¼2.5, 95% CI¼1.8, 3.6); and detained (HR¼1.7, 95% CI¼1.2, 2.2) were at increased risk of death compared to arrested youth. Black race and Hispanic ethnicity as predictors of time to death were only marginally significant. An interaction testing race/ethnicity (black or Hispanic) by justice system involvement was not significant.
Discussion
To date, this is the largest study of its kind to assess risk for early death among youth offenders by the level of their involvement in the justice system. The findings support past research showing that youth offenders face a significantly greater risk of death than community youth. [1] [2] [3] [4] [5] A comparatively high rate of offender mortality was evident even among arrested youth whose involvement in the system is relatively common (one in three youth) 12 and minimal (i.e., no time in a secure facility). Further, consistent with the study hypothesis, the data indicate that the greater the extent of an individual's justice system involvement, the greater the risk of death. Mortality rates increased incrementally along the continuum of justice system involvement (i.e., the mortality rate of arrested youth o detained o incarcerated o transferred); transferred youth were more than three times as likely to die when compared with arrested youth. Nearly half of all deaths among youth offenders were homicides. Teplin and colleagues 6 similarly found that chronic offending is related to homicide risk, with 68% of deaths among detained youth resulting from homicide. The discrepancy between the homicide rate among offenders in Cook County (68%) and the present study (48%) may be partially attributed to the higher homicide rates reported by the Chicago Police Department compared with the Indianapolis Police Department (18.4 vs 13.5 per 100,000) across all age groups between 1999 and 2011. 26 The observed relationship between increased involvement in the system and mortality rates (most often due to homicide) is consistent with other research findings, suggesting a potential mechanism for the association. For example, among adult offenders, frequent, chronic criminal conduct has been associated with early and unnatural death. 27 A recent longitudinal study found that youth who underwent official juvenile court processing (versus being diverted out of the justice system) had a higher rate of future violent and non-violent crimes and were more likely to have an adult criminal record. 28 Moreover, in a 50-year follow-up study of both offenders and community youth, 29 alcohol use and committing greater numbers of severe offenses were associated with higher mortality rates. Thus, continued crime warranting justice system intervention-beyond mere arrest-appears to increase exposure to life-anddeath situations. These findings inform an understanding of the association between race and early mortality. First, although the SMRs did not vary by gender alone, SMRs among male youth varied substantially by race (1.24 among black male youth vs 2.23 among white male youth), confirming past studies showing that black male youth experience high rates of death in the community, regardless of justice system involvement. [4] [5] [6] Second, black youth offenders experienced the clearest increase in mortality by severity of justice system involvement. Third, in the final proportional hazards model predicting time to death among offenders, race/ethnicity was only marginally significant for black and Hispanic youth. Moreover, the interaction between justice system involvement and race/ethnicity was not significant. This suggests that the severity of criminal justice involvement, rather than race/ethnicity, is a strong driver of early mortality among youth offenders. This finding clearly deserves more study. 
Limitations
There are limitations to the current findings. Incomplete data linking of criminal and death records may have resulted in underestimation of mortality rates among youth offenders. However, the linking process was quite rigorous, and three separate data sources capturing youth deaths were utilized. Over roughly 35 years, almost 600 individuals have had their juvenile criminal records expunged in Marion County, excluding them from the analysis. Given this low rate of expungement, the authors estimate that their exclusion will have limited effects on the findings. The small sample of Hispanic youth limited the ability to meaningfully quantify their mortality across the continuum of justice system involvement. Previous research has shown that subtracting periods of incarceration from aggregate exposure among offenders may result in more representative mortality rates, as individuals are less likely to die in secure facilities. 23 Given that stays could not be subtracted from data presented here, study results may be underestimates of the youth offender mortality rate. Lastly, other factors potentially related to early mortality that were not included in the current project (e.g., youth substance use) should be explored in future research.
Conclusions
Findings suggest that interventions for youth offenders should be tailored to the severity of youth involvement in the justice system. National efforts to reduce detentions (e.g., the Juvenile Detention Alternative Initiative) have decreased taxpayer costs 30 and may also reduce youth mortality rates. Evidence-based violence prevention programs such as mentoring, 31 afterschool programs, 32 and school-based programming 33 can effectively reach large numbers of arrested youth before they experience the increased risk of death associated with secure confinement. National organizations have repeatedly highlighted the need to reduce firearm violence, a leading cause of homicide-related death among adolescent and young adult populations. [34] [35] [36] In light of these findings, violence prevention programs should focus narrowly on youth already held in secure facilities, as they are at significantly greater risk of death than arrested offenders. The successful CeaseFire program, for example, employs law enforcement strategies that target high-risk offenders. 37, 38 The results highlight the need to address the interaction between race and justice system involvement in order to reduce high rates of death among youth offenders. It is well established that black youth, compared with white youth, are over-represented in the justice system and bear a disproportionate burden of death by homicide. For all youth, regardless of race, involvement in the justice system beyond arrest significantly increases risk of early, violent death. Continued intervention is necessary to redress these grim findings. mortality data from Marion County. Lastly, we would like to thank Andrew Alexander, Aaron Burgess, and Shawn Hoch for their help in the linking process. This study was conducted in collaboration with local criminal justice and health agencies. The authors received no compensation in the conduct or writing of this manuscript. Findings and conclusions of this paper are those of the authors.
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